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Ionization and Dissociation of cis- and tran s-2-Butene 

by Electron Impact* 

By Vernon H. Dibeler 

A study has been made of the appearance potentials and relative abundance of a number 
of ions from the mass spectra of cis- and trans-2-butene. The appearance potentials were 
found to be in generally good agreement with spectroscopic data. The mass spectra of the 
2-butenes were compared with those of 1-butene and isobutene. The C 2 H 5 + ion was found 
to be the only ion showing a significant difference between the 2-butene isomers. This differ- 
ence approached a maximum with ionizing electrons of 40-volt energy and remained constant 
up to energies of 100 volts. 



I. Introduction 

The ever increasing interest in the use of the 
mass spectrometer as an analytical instrument, 
especially for hydrocarbon analyses, has made it 
desirable to accumulate complete mass spectra for 
most of the hydrocarbons encountered in the 
petroleum and synthetic rubber industries below 
mass 150 or having a vapor pressure of not less 
than several millimeters of mercury at room tem- 
perature. No less important arc the resultant 
data on energies and unimolecular reactions ob- 
tained from the mass spec trome trie studies of 
ionization and dissociation by electron impact of 
gases at pressures of the order of 10" 4 millimeter 
of mercury. Because a comparison of observa- 
tions of dissociation processes of several related 
molecules will contribute more information about 
the properties of the ions produced and the manner 
in which they are produced than the study of one 
molecular species, it is the purpose of this paper 
to extend the data on the lower hydrocarbons to 
include the cis and trans isomers of 2-butene. 
Various authors have already reported data on 
methane [l], 1 ethylene [2, 3], ethane [4, 5], allene 
[61, propylene [6, 7], isobutene [7], 1-butene [8], 
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propane [6, 7], w-butane [5], and isobutane [5]. 
In most of these cases it has been possible to 
determine with the aid of the mass spectrometer 
what species of ions are produced from a particular 
molecule by a measure of the mass-to-charge ratio. 
It is also possible to determine the relative proba- 
bilities of formation of each ionic species under 
given conditions in the ionization chamber. If 
the energy of the bombarding electrons is con- 
trolled and measured, one is able to determine 
minimum energies necessary to produce any ionic 
species. In the case of a loss of an electron from 
the parent molecule, the minimum energy re- 
quired is known as the ionization potential, 
/ (X + ), of the molecule. The energy at which the 
ionized parent molecule dissociates into two or 
more fragments, one of which is an ion, is called 
the appearance potential, A (X + ), of the ion. 
The ionization potential is of interest for com- 
parison with data obtained by spectroscopic or 
theoretical methods. The appearance potentials 
give information on the heat of dissociation of the 
molecule though in general they merely set an 
upper limit to the energies involved. The mass 
spectrometer data give no information as to the 
state of aggregation of the uncharged products of 
dissociation or as to the kinetic energy of the 
products of ionization. Nevertheless, these data 
are an important source of additional information 
on molecular structure and binding energies [9]. 
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II. Experimental Procedure 

The mass spectrometer used for the present 
work has been described in several papers [10]. 
Therefore, only a brief review of the more im- 
portant details will be presented. The ionization 
chamber and 180-degree analyser tube were 
horizontally supported between the pole pieces 
of an electromagnet. The strength of the mag- 
netic field was such as to deflect ions of a mass- 
to-charge ratio of 12 along the axis of the analyser 
tube at an ion-accelerating potential of 2,500 v. 
A schematic drawing of the ionization chamber 
and voltage supplies is given in figure 1. The 
lines of force of the magnetic field are parallel to 
the electron ribbon. The path of the ion beam is 




Figure 1. — Schematic drawing of the ionization chamber 
and power supplies. 

A, Filament; B, first electron slit; C, second electron slit; D, ion pusher; 
E, electron catcher; F, electron ribbon; G, electron accelerating power supply 
and meters; H, ionizing power supply and meters; I, catcher current; J, 
ion accelerating meter; K, pusher voltage supply. 

downward, perpendicular to the plane of the 
paper. The energies of the ionizing electrons ob- 
tained from a tungsten filament were controlled 
by a wire wound potentiometer and read on a 
calibrated University model sensitive research 
meter, which could be read directly to 0.2 v on the 
15-v scale and to 1 v on the 75-v scale. The 
voltage of the second (ionizing) electron slit was 
varied, whereas that of the first slit was maintained 
at 5 v. The filament was mounted in a low- 
pressure region from which the electrons enter the 
ionization chamber through a very small slit to 
minimize interference from products of thermal 



cracking. Observations on products of primary 
processes were assured by determining the linear 
variation of the positive ion current with electron 
emission and with the pressure of the sample in 
the ionization chamber. 

The cis-2-butene and /rcms-2-butene were sam- 
ples of high purity prepared by J. A. Hinckley, 
Jr., on the Koppers Fellowship at the Mellon 
Institute of Industrial Research, Pittsburgh, Pa. 
The amounts of impurity in these samples were 
determined by measurements of freezing points 
by A. R. Glasgow, Jr., under the supervision of 
Frederick D. Rossini, in the National Bureau of 
Standards section on Thermochemistry and Hydro- 
carbons, according to the method described by 
Glasgow, Streiff, and Rossini [11]. The mole 
fraction of impurity in m-2-butene is 0.0044 
± 0.0010 ; that in zrcms-2-butene is 0.0181 ±0.0012. 
From the manner of preparation and purification 
of these samples, it is believed that the impurity 
in each case is substantially all the other isomer. 
Liquid samples of suitable size were sealed into 
lengths of 3-ml glass tubing for convenient intro- 
duction into the inlet system. The sensitivity, 
which we may define as the number of divisions 
of C 4 H 8 + ion on the photographic record per 
micron of sample pressure behind the leak, was 
such as to give approximately 350 divisions of 
C 4 H 8 + ion for 30 /x of sample pressure for both 
cis- and tfra?is-2-butene. All data were auto- 
matically recorded by a photographic oscillograph. 

The determination of ionization and appear- 
ance potentials has been thoroughly discussed by 
L. G. Smith [1] and Stevenson and Hippie [5, 12]. 
The procedure used in determining the values 
reported here was the method of "initial breaks" 
as described by Stevenson and Hippie [5]. The 
voltage scale for the hydrocarbon ions was cor- 
rected for "contact potential," using the initial 
break of the ionization efficiency curve of argon. 
The ionization potential of argon, I (^4 + ) = 15.76 
electron volts (ev) was taken from the tables of 
Bacher and Goudsmit [13], using the conversion 
factor 1 ev — 8,066 cm -1 to convert from centi- 
meters -1 to electron volts. The observed ionization 
potentials of argon 4 " and argon ++ were 13.5 ±0.1 
ev and 4 1.5 ±0.1 ev, respectively. The value 
of 7" (A + +) — I (A + ) = 28.0±0.1 ev is in agreement 
with values reported for electron impact methods 
[12] and spectroscopic methods [13]. 
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III. Discussion of Results 

Figure 2 shows the first portions of the ioniza- 
tion efficiency curves for several of the cis- and 
/rans-2-butene ions and argon. The curves have 
been plotted with the ion current scale adjusted 
to make all slopes nearly equal. Although the 
appearance potentials were evaluated by extra- 
polating the smooth curve to intercept the abcissa, 



Table 1. — Appearance potential of various ions in the mass 
' spectra of cis- and trans-2-huh n< 
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Figure 2. — Initial portions of the ionization efficiency 
curves for the ions £roms-C 4 H 8 + (1), cis-C 4 H 8 + (2), trans- 
C 4 H 7 + (3), cis-CzRi + (4), c^-C 3 H 3 + (5), and argon* (6). 
The ordinate is arbitrary and different for some ions. 

close checks can be made by comparing the inter- 
cepts resulting from extrapolation of the linear 
portion of the curve to zero ion current. 

Table 1 summarizes the appearance potentials 
of some of the ions in the mass spectra of cis- and 
trans-2-butenc . Measurements on several ions of 
1-butene were made in order to compare experi- 
mental details of the present work with that pre- 
viously reported. Table 2 lists the probable proc- 
esses by which each ion is formed. Included in 
table 1 are the values reported for 1-butene and 
isobutene by Stevenson [8] and Hippie and 
Stevenson [7] respectively. 





Appearance potential A (X+) < i v 


Ion (X+) 


c/a-2-Butene 


trans -2- 
Butene 


1-Butene 


L-Butene[8] 


Isobutene 

17] 


C 4 H 8 + 

C 4 H 7 + 


9.4, ±0.1 
ll.li ±0.1 

11.6b ±0.1 

12.5 ±0.2 
13.8 ±0.3 
12.2 ±0.2 

10.6 ±0.2 
13.8 ±0.3 


9.1 3 ±0.1 

11.24 ±0.1 

11.7 e ±0.1 
12.4 ±0.2 
14.2 ±0.3 
12.4 ±0.2 
10.8 ±0.2 
14.0 ±0.3 


9.6j±0.1 


9.05 ±0.1 
11.07 ±0.1 
11.6s ±0.1 

11.7 ±0.2 

13.8 ±0.2 
11.97 ±0.1 


8.8 6 ±0.1 
11. 3 j ±0.1 


Ctf 5 + 

C3H4+ 

C 3 H 3 + 

C 2 EV--- 


11.7 6 ±0.1 
11.9 ±0 2 
13.6 ±0.2 


11.5] ±0.1 
ll.6a ±0.1 
14.2 ±0.5 
15 ±1 


C 2 H4 + — 




12.1 ±0.5 


C 2 H 3 + 





13.6 ±0.3 


15.2 ±0.5 



Table 2. — Probable process of ion formation 



Ion 


Process 


r 4 H 8 + 


CM- ►C4H8++C- 


( mi 


<MI,+IPe- 


C 3 H 5 + - 


C 3 H 5 H-CH3+e- 


(' II.. 


C 8 H4 + +CH4+e- 


C 3 H 3 + 


C ll; ( +CH:i + €- 


C 2 H 5 +---- 


< , H 5 + +C2H 3 + e- 


(MIs' 


r.n, + +c 2 H4+e- 


C 2 H 3 + 


C 2 H 3 ++C 2 H 5 +e- 







Except for the first ionization potential, the 
appearance potentials of the cis and trans isomers 
agree within the estimated experimental error. 
The agreement of the electron-impact ionization 
potential (9.1 ev) of Jraris-2-butene with the 
value (9.2 ev) determined spectroscopically by 
Price and Tutte [14] is gratifying. The small 
difference in ionization potentials of cis- and 
trans-2-hu tene is in the opposite direction to the 
difference found by Sugden, Walsh, and Price [15] 
for cis- and tfraws-dichloroethylene, for which the 
ionization potentials are 9. 61 ev and 9.9i ev, 
respectively. The ionization potentials of cis 
(9.4 ev) and tran s-2-butciw (9.1 ev) are to be 
compared with 9.6 5 ev for 1-butene [8], and 8.8 6 ev 
for isobutene [7]. 

Both 2-butenes resemble other unsaturated 
hydrocarbons so far studied by electron impact, 
with the exception of 1-butcne, in that the differ- 
ence in appearance potentials of the C 4 H 8 + ion 
and the C 4 H 7 + ion of both 2-butene isomers is 
about 2.0 ev. The difference in appearance 
potentials of the same ions in 1-butene is 1.4 ev [8]. 
This is very near to the value (1.2 ev) for the 
difference in appearance potential of the parent 
ion and the parent ion minus one hydrogen atom 
of the saturated hydrocarbons. The relative 
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abundance of the C 4 H 7 + ion in the 2-butenes is 
about the same as that in 1-butene and about 20 
percent greater than the abundance of the same 
ion in isobutene. 

Rossini [16] lists the relative stabilities of the 
butenes as 1-butene (0.00 ev), m-2-butene 
(0.080 ±0.005 ev), fmns-2-butene (0.121 ±0.005 
■ev), isobutene (0.167 ±0.011 ev). The experi- 
mental error of the electron-impact values re- 
ported for the appearance potentials of the C 3 H 5 + 
ion does not allow stability measurements on the 
cis and trans isomers. Comparison with 1-butene 
and isobutene, however, is practical. From 
Rossini's list of relative stabilities given above, 
isobutene is more stable than m-2-butene by 
approximately 0.09 ev. However, the appearance 
potentials determined in this work for the C 3 H 5 4 
ion from cis-2-butene is 11. 6 6 ev, whereas that ion 
from isobutene is 11. 5i ev, as determined by 
Stevenson and Hippie [7]. This indicates that 
the 2-butene configuration of the C 3 H 5 + ion is a 
total of 0.24 ev less stable than the corresponding 
isobutene ion. Again from Rossini, eis-2-butene 
is more stable than 1-butene by 0.08 ev. As the 
appearance potentials of the C 3 H 5 + ions from both 
these molecules agree within experimental error, 
the 1-butene structure of the C 3 H 5 + ion is appar- 
ently a total of 0.32 ev less stable than the iso- 
butene configuration. This checks Stevenson's 
findings [8], and supports his assignment of about 
0.4 ev as the lower limit for the activation energy 
of the reaction 



CH 2 CHCH 2 ++CH 3 



-* CH 3 CH 2 CHCH 2 + 



->C 3 H fl +re- 



(assuming that CH 2 CHCH 2 ++H - 
quires no activation energy) to demonstrate that 
the allyl ion is at least 0.1 ev more stable than the 
isoallyl ion. Stevenson has also shown [8] that 
other electron-impact data and chemical evidence 
can be reconciled" if activation energies for addi- 
tion of radicals to the viny] ion are assumed. 

The ionization potential of methyl acetylene is 
11.25 ev [15], whereas that of allene is 9.9 ev [6]. 
Although the exact appearance potential of the 
C 3 H 4 + ion is uncertain, the value for the 2-butenes 
(12.5 ev) being 0.8 ev higher than the same ion for 
1-butene would seem to indicate that the C 3 H 4 + 
ion has the methyl acetylene structure rather than 



the allene structure as reported for the same ion 
formed from 1-butene [8]. It seems probable 
then that the CH 3 group and the hydrogen atom 
forming the unionized products of the process 
originate from adjacent carbon atoms rather than 
the same carbon atom. 

The appearance potential of the C 2 H 5 + ion of the 
2-butenes (12.2 ev) combined with the ionization 
potential of the ethyl radical (8.6 7 ) reported by 
Hippie and Stevenson [5, 17], yields a dissociation 
energy D (C 2 H 5 -C 2 H 3 ) = 3.5 ev for the reaction 

2-butene >C 2 H 5 + +C 2 H 3 , in agreement with 

that previously reported [8]. The similarity of 
appearance potentials of the C 2 H 5 + ion of cis and 
trans-2-butene indicates that both isomers require 
approximately the same energy to dissociate to a 
C 2 H 5 + ion. At electron energies greater than 20 v, 
however, the mass spectra of the two isomers 
indicate that the probabilities for this process are 
slightly different for the two isomers (see tables 3 
and 4). The relatively low appearance potentials 
of the C 2 H 4 + ion (10.6 ev) and the C 2 H 3 + ion (13.8 
ev) indicate that these ions are formed by a simple 
dissociation process with one set of products and 
very probably a single unionized fragment in addi- 
tion to the ion. The similarity of the appearance 
potential of the C 2 H 3 + ion of the 2-butenes to that 
ion from 1-butene supports Stevenson's calcula- 
tion of the ionization potential of the vinyl radical. 

The mass spectra of cis- and trans-2-b\iteiie for 
various ionizing voltages are given in tables 3 and 
4. At an ionizing potential of 50 v, the intensity 
of ion current for the C 4 H S + ion is given an arbitrary 
value of 100, in accordance with the practice at 
this laboratory. The abundances of all other 
ions are made relative to this value. Some of the 
less abundant ions of each carbon group have been 
omitted for the sake of brevity. Also omitted 
for the same reason are the doubly charged ions 
with a mass to charge ratio of 25.5, 26.5, and 27.5 
originating from the ions CJI^ + , C4H 5 ++ , and 
C 4 H 7 ++ , respectively. These first appear at about 
40 ev for each isomer. Also omitted are the 
two metastable ions at 30.0 and 37.0 as reported 
by Hippie, Fox ; and Condon [18] and an addi- 
tional metastable ion at 15.3, probably originating 
in the same manner as that one reported for 2- 
pentene by the same authors. All three meta- 
stable ions appear below 20 ev for both isomers. 
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Table 3. — Mass spectrum of cis-2-butene ' 













m/e 










Vj 


56 
(C 4 H 8 +) 


55 
(C4H7+) 


54 
(C4H6+) 


53 
(C4H8+) 


52 
(O4H4+) 


51 
C4II3+)) 


50 

(C,II,n 


42 
(C ll ti +) 


41 
(C«H«+) 


20 .-_ 


93. 6 
94.6 
98.0 

100 

102 

105 

107 

105 

107 


19.0 
33. 
36.0 
38.6 
40.1 
42.2 
43.1 
42.8 
43.3 


2.7 
6.1 
7.0 
7.3 

7.2 
7.5 

7.7 
7.8 
7.8 


2.3 
10.3 
13.2 
13.7 
12.4 
14.2 
14.5 
14.4 
14.0 








0.4 
5.1 
6.8 
6.0 
6.1 
6.4 
6.6 
6.5 
6.6 


102 


go 


1.5 
3.3 
3.5 
3.4 
3.6 
3.4 
3.2 
3.2 


2.5 
8.3 
10.4 
10.6 
10.9 
11.0 
10.7 
10.5 


0.7 

5.9 
10. 3 
11.6 
12.5 
13.0 
14.4 
14.5 


155 


40 


172 


50 

60 


187 
186 


70 


190 


80 

90 


187 
186 


100 


188 








40 

(C 3 H 4 + ) 


39 

(C3H3+) 


29 
(C2H5+) 


28 

((VI4+) 


27 

(C2H3+) 


26 
(C 2 H 2 +) 


15 
(CHi+) 


14 
(CH 2 +) 


2 

(H 2 + ) 


20 


6.0 
10.7 
12.3 
13.2 
I3.fi 
14.0 
14.2 
14.1 
14. 1 


14.4 
49.1 
64.9 
69.2 
70. s 
73.3 
73.7 
72.7 
72.4 


11.6 
22.5 
25.7 
26.7 
27.2 
28.0 
28.6 
28.3 
28.1 


30.6 
48.3 
55.2 
57.7 
58.9 
80. 8 
61.9 
61.0 
61.6 


4.7 
37.1 
57.0 

62. 6 
64.0 
64.9 
65.5 

63. 4 
62.9 


0.9 

5.8 
14. 5 
20. 
22.8 
24.6 
25.6 
25.3 
25.4 


1.0 
3.7 
7.4 
9.9 
11.3 
11.9 
12.3 
12.2 
11.9 




0.4 


30 


0.4 
1.1 
1.8 
2.3 
2.7 
3.0 
2.9 
2.9 


.5 


40 

50 


.5 
.6 


60 .' 


.7 


70- 


.8 


80 


.9 


90 


( b ) 


100 


( b ) 







a The relative abundances have not been corrected for presence of C 13 and D. 
b No measurement made. 



Table 4. — Mass spectrum of irans-2-butene a 













/// ( 










v t 


56 
C 4 Hg+) 


(C.'li 


54 
(C 4 He+) 


53 

(C 4 H 5 +) 


52 

(<VI,+) 


51 
(C4H8+) 


50 
(C 4 H 2 +) 


42 

(C3II0+) 


41 
(C 8 H«+) 


20 


80. 9 
93. 
95. 5 

100 

104 

105 

105 

103 

in.-, 


16.7 
32.8 
36. 9 
40.0 
42.4 
42.9 
43. 5 
42.7 
43. 7 


2.3 

5.7 
6.4 
6.8 
7. 1 
7.1 
7.0 
6.9 
7.0 


2.1 
10.8 
13.7 
14.5 
15.2 
15.3 
15.2 
14.9 
15.1 






2.8 
5.0 
5.4 
5.9 
6.3 
6.4 
6.3 
6.3 
6.5 


87.9 


30 


1.4 
3.2 
3.6 
3.4 
3.4 
3.4 
3.2 
3.3 


2.5 
7.9 
10.2 
10.8 
11.0 
10.8 
10.4 
10.5 


0.7 

5.7 
10.0 
11.7 
12.4 
12.7 
12.6 
12.7 


150 


40 


166 


50 


194 


60 


191 


70 


192 


80 


193 


90 


191 


100 


193 








40 

(C 3 H4 + ) 


39 
(C3H3+) 


29 

(C 2 H 5 +) 


28 
(C2H4+) 


27 
(C 2 H 3 +) 


26 

(C 2 H 2 +) 


15 
(CH 8 + ) 


14 
(CH 2 +) 


2 
(H 2 +) 


20 


4.7 
9.8 
11.3 
12.3 
13.0 
13.2 
13.1 
13.0 
13.2 


14.8 
46.3 
59.6 
65.7 
68.8 
69.5 
69.5 
68.2 
69.1 


11.5 
25.7 
30.3 
32.3 
34.3 
34.2 
34.3 
33. 9 
34.5 


25.1 
46.4 

52.7 
56.3 
59.1 
59.4 
59.7 
58.9 
59.9 


3.7 
35.3 
53.2 
59.1 
62.7 
62.4 
62.2 
59.9 
60.5 


0.5 
5.2 
12.7 
18.1 
21.4 
22.6 
23.6 
23.1 
23.3 


0.7 
3.2 
6.6 
9.0 
10.3 
11.0 
11.1 
11.0 
11.0 




3 


30 


0.4 
1.0 
1.6 
2.2 
2.5 
2.6 
2.7 
2.5 


.5 


40 


.0 


50 


.7 


60 


.7 


70 


.8 


80 


.8 


90 


( b ) 


100 


( b ) 







a The relative abundances have not been corrected for presence of C 13 and D. 
b No measurement made. 
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For electron energies of 50 v or more, there 
appears to be little difference in the cis and trans 
mass spectra, especially for ions resulting from the 
loss of an electron, or a single unit such as a 
methyl group or hydrogen atom, or the fracture 
of the double bond splitting the molecule in half. 
See, for example, the similarity of the sensitivities 
of the two isomers and the similarity of abundance 
of the C 4 H 7 + ion, the C 3 H 5 + ion, and the C 2 H 4 + 
ion in both cis and trans isomers. 

For 50- v electrons, the relative abundance o 
the C 2 H 5 + ion is 27 percent for m-2-butene and 32 
percent for tfrans-2-butene compared to 48 percent 
for 1-butene and 28 percent for isobutene. The 
abundance of the C 2 H 5 + ion in the 2-butenes is 
interesting because a C 2 H 5 + ion is not expected 
from the structures of cis- and trans -2-hutene. 
There are two possible explanations for the pres- 
ence of this ion. The first possibility is the ten- 
dency for some molecules of this type to resonate 
between several possible structures, each structure 
contributing to the general characteristics of the 
molecule. For example, to account for dipole 
moments of 0.35 for propylene, and 0.37 for 1- 
butene, Hurdis and Smyth [19] point out that 
three structures can be written for propylene of 
the type 



H+ H H 



II 



-c=L 



i 

H 



Although the contribution of such structures is 
probably small, the fact that one hydrogen bond 
may have a partially ionic character is of interest 
as it is already known that the C 3 H 5 + ion in 
propylene is about 30 percent more abundant 
than the C 3 H 6 + ion. Also it might reconcile the 
anomaly reported by Stevenson in his w r ork on 
1-butene, where the difference in appearance po- 
tentials of the C 4 H S + ion and the C 4 H 7 + ion is 1 .4 
ev. This value is near the difference between 
the C 4 Hi + ion and the C 4 H 9 + ion (1.2 ev) of the 
butanes, although the relative abundance of the 
C 4 H 7 + ion in 1-butene is larger than the relative 
abundance of the C 4 H 7 + ion in isobutene, whereas 
the abundance of the C 4 H 9 + ion in isobutane is 
about five times the abundance of that ion in 



n-butane. Similar structures for the 2-butenes 
can be shown to be capable theoretically of dis- 
sociating to give C 2 H 5 + ions. 

A second and more usual explanation of h 
formation of the C 2 H 5 + ion is the process common 
to many of the hydrocarbons studied by electron 
impact, namely, isomerization that occurs in the 
very short time between formation of the ion and 
subsequent dissociation into fragments. Inci- 
dentally, as the shape of the recorded peaks re- 
sulting from an isomerization process is exactly 
the same as that resulting from simpler dissocia- 
tion processes, one would conclude that the 
isomerization and dissociation is accomplished 
before the ion is accelerated by the electrostatic 
field. Knowing the dimensions of the ionization 
chamber, it is possible to calculate an upper limit 
for the time required for a 2-butene ion to isomer- 
ize and dissociate to give a stable C 2 H 5 + ion. 
Assuming that an ion of mass M, and charge e, 
in coulombs, is accelerated from rest in an electric 
field of E volts, the velocity (cm/sec) after falling 
through the total potential E, is given by 



-V 



2 eEl0 7 
M 



Assuming a pusher potential of 4 v and a distance 
of 3 mm between the electron ribbon and the ion 
accelerating slit, the maximum time allowable for 
isomerization and dissociation to form a stable 
C 2 H 5 + ion is of the order of 10~ 4 second. 

Both 2-butene patterns are generally lower than 
those of 1-butene and isobutene except in the C 2 
group, where the abundances of the ions are about 
half way between 1-butene and isobutene, the 
former having the highest values. In the C 4 
group, all 2-butene ions with the exception of the 
C 4 H 7 + ion, are more abundant than the same ions 
from either 1-butene or isobutene. The 2-butene 
C 4 H 7 + ion is slightly less abundant than 1-butene 
and 20 percent more abundant than isobutene. 

Figure 3 is a plot of some of the data in tables 
3 and 4. All the curves are for ions originating 
from cis-2-butene, with the exception of the 
C 2 H 5 + ion, data for which are given for both cis 
and trans isomers. The flat portion of each curve 
occurs above 50 v, indicating rather stable con- 
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ditions for recording relative abundances above 
that voltage. The C 2 H 5 + ion is the only ion with 
significant differences in abundance between 
cis- and trans -2 -butene. It is obvious from 
figure 3 that even this difference is small and very 
constant with increasing ionizing voltage. 

It was hoped that the variation of mass spectra 
of the 2-butenes with energy of the ionizing elec- 
trons would be such as to make possible the selec- 
tion of an ionizing voltage which would allow a 
more accurate separation of the cis- and trans-2- 
butenes in a mixture of the other butenes. Unfor- 
tunately, the relatively low abundance of the 
C 2 H 5 + ion, which is the only ion exhibiting a sig- 
nificant difference in abundance between the two 
reduces its effectiveness as a means of 



isomers, 
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Figure 3. — Upper portion of the ionization efficiency curves 
for the ions cts-C 3 H 5 + , as-C 4 H 8 + , as-C 3 H 3 + , cz's-C2H 5 + , 
and trans-C2^b + - 

The abundance of each ion is relative to the abundance of the cis-dRs* 
ion at electron energies of 50 v. 



accomplishing the separation with any reasonable 
degree of accuracy. Under standard operating 
conditions the energy of the electron beam is 50 v. 



There is no evidence to indicate that an advantage 
can be gained by operating at some other value. 

IV. Summary 

The appearance potentials and relative abun- 
dances of a large portion of the mass spectra of 
cis- and trans-2-butene are reported. The ioniza- 
tion potentials of cis-2-butene and trans -2-hutene 
were found to be 9.4 X ±0.1 and 9.1 3 ±0.1 ev, 
respectively. The latter is in agreement with pre- 
viously determined spectroscopic data. The values 
for the heat of dissociation of the C 2 H 5 — C 2 H 3 
bond and the ionization potential of the vinyl 
radical calculated from cis- and trans-2-butene are 
found to be in agreement with those values re- 
ported by Stevenson. The mass spectra of cis- 
and /ra7is-2-butene are compared with each other 
and with 1 -butene and isobutene. There is no 
evidence to indicate an advantage in using ionizing 
energy other than the normal operating value of 
50 v when analysing mixtures containing cis- 
and trans-2-butene. 
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